Background: Antithrombotic treatment represents a dilemma in elderly patients with atrial fibrillation since both risk of thromboembolism and bleeding are age-dependent complications. A paradigm shift occurred over the past 10 years when aspirin was overcome by warfarin and further by the direct oral anticoagulants. Here we present a clinical practice-based analysis of a cohort of elderly inpatient atrial fibrillation patients and investigate the influence of clinical factors in the choice of antithrombotic strategy. Methods: Study participants (n = 2943) are consecutive patients aged 75-104 years discharged from a Swedish university hospital with atrial fibrillation or atrial flutter as main diagnosis between November 1st 2010 and December 31st 2017. Cardiovascular risk factors, comorbidities and antithrombotic treatment at discharge were manually extracted from medical charts. A logistic regression analysis was performed to estimate predictors of the probability to receive direct oral anticoagulants (DOACs) compared to warfarin. Results: Patients aged 90 y (n = 446, women 73%) showed the highest prevalence of cardiovascular comorbidities and the highest bleeding and thromboembolic risk. DOACs became more commonly prescribed than warfarin in 2016/2017 across all ages. However, the probability to receive DOAC as compared to warfarin was lower in the presence of high bleeding risk (OR 0,55; 95% CI 0,40-0,77; p = 0,00) and high thromboembolic risk (OR 0,74; 95% CI 0,59-0,94; p = 0,01). Conclusion: Elderly atrial fibrillation patients represent a heterogenous group where the oldest (90 years) show both a very high thromboembolic and bleeding risk profile. In the presence of high thromboembolic and bleeding risk, warfarin was still preferred over DOAC.
Introduction
Thromboembolism (TE), including ischemic stroke (IS) and systemic embolism (SE), prevention in atrial fibrillation (AF) patients relies on treatment with oral anticoagulants (OAC). While on OAC treatment, AF patients are exposed to an increased bleeding risk, the most feared being intracranial hemorrhage (ICH). Both thromboembolic and bleeding risk increase markedly with age [1] , complicating clinical decisions of OAC treatment in elderly.
Warfarin was, during many years, the cornerstone of OAC treatment after it was proven to be superior to antiplatelet therapy (APT) with aspirin in thrombosis prevention [2] . The introduction of the direct oral anticoagulants (DOACs) with dabigatran, rivaroxaban and apixaban in 2011-2013 and edoxaban in 2016, has changed treatment guidelines and clinical practice of thrombosis prevention in AF patients [3] [4] [5] . The four pivotal randomized clinical trials (RCT) designed to assess efficacy of DOAC in comparison to warfarin, showed equivalence [6, 7] or superiority [8, 9] in prevention of thromboembolic episodes and a favorable safety profile with a reduced risk of ICH [6] [7] [8] [9] .
Elderly AF patients represented a minority of the DOAC trial populations [10] and notably elderly with multimorbidity often met in clinical practice were lacking in the trials, reducing the external validity of the results. Nonetheless, observational studies https://doi.org/10.1016/j.ijcha.2020. Contents lists available at ScienceDirect IJC Heart & Vasculature j o u r n a l h o m e p a g e : w w w . j o u r n a l s . e l s e v i e r . c o m / i j c -h e a r t -a n d -v a s c u l a t u r e have shown that elderly, in particular, seem to benefit from IS preventive treatment with OAC [11] [12] [13] , contributing to the conviction of a great need for inclusion of elderly in RCTs [14] . An emerging number of registry-based studies include elderly. However, these studies often lack an extensive characterization of the heterogenous patient group that elderly constitute [15] and bleeding events can be missed when registered by administrative coding [16] . These findings along with variability in bleeding definitions may contribute to differences in bleeding incidence among observational studies, even though higher bleeding rates than in clinical trials are generally noted [17] .
Observational studies with clinical practice-based data may contribute to fill the knowledge gap on the optimal OAC treatment strategy in elderly AF patients. To this extent, we have established a large cohort, the Carebbean-elderly (Atrial fibrillation: Risks and Benefits of ANticoagulation in elderly), to analyse clinical risk profiles for TE and bleeding in elderly patients amenable to OAC treatment. Here we present a cross-sectional analysis of this population along with the analysis of how clinical characteristics have influenced the choice of OAC regimen in this patient group.
Methods

Study population
The Carebbean-elderly (Clinicaltrials.gov, NCT03828162) is a prospective cohort of consecutive elderly patients 75 years (y) discharged from the Department of Cardiology at Danderyd University Hospital (Stockholm, Sweden), a secondary referral center with a catchment area of approximately 500 000 inhabitants, with AF or atrial flutter (AFL) as main diagnosis between November 1st 2010 and December 31st 2017.
AF and AFL diagnoses were extracted from the hospital database by the QlikView software using the diagnosis codes I48.0-99 (International Classification of Diseases 10th Revision; ICD-10) linked to the patients by their personal identity number. Supplementary Fig. 1 shows the flowchart of the study along with the inclusion and exclusion criteria. In order to verify complete coverage of eligible study patients and ascertain consecutive sampling, we validated the number of included patients comparing our records with the Stockholm Healthcare Analyses Database (Vårdanalysdatabasen) that covers all recorded diagnosis codes and reasons for hospitalizations and consultations in both primary and specialist care in Stockholm County [18] .
Clinical data collection and definition of variables
Medical charts relative to the first hospital stay when discharged with AF/AFL as main diagnosis, were reviewed manually in TakeCare (electronic health system by CompuGroup Medical) for each single patient according to a prespecified protocol. We recorded date of birth, age at admission, sex, whether AF/AFL was recurrent or diagnosed for the first time and symptom at admission. A detailed description of the definitions used to define cardiovascular (CV) risk factors and comorbidities collected from the medical charts, is reported in the Supplementary Material.
Briefly, anamnestic records of previous CV disease, CV risk factors, history of bleeding, cancer, venous thromboembolism, chronic inflammatory disease, dementia and cognitive impairment were retrieved from medical charts if self-reported at admission, and/ or previously stated in chart notes and/or diagnosed according to ICD-10. Anthropometric measures, systolic and diastolic blood pressure and biochemical parameters as well as echocardiographic data were recorded at discharge. Renal function was estimated by glomerular filtration rate (eGFR) in milliliters (ml)/minute (min) according to the Cockcroft-Gault (C-G) formula and categorized as described in the Supplementary Material. Antithrombotic (AT) treatment was recorded at admission for patients with known AF/AFL. Time in Therapeutic Range (TTR) for warfarin was calculated by the number of therapeutic international normalized ratio (INR) values (2.0-3.0) divided by the total number of values registered, i.e. the fraction of INR values in the target range, during the year prior to admission for all patients on warfarin at admission [19] . Similarly, AT treatment was recorded at discharge for all patients. Type and dosing of DOACs were annotated. We also recorded treatment with APT, low molecular weight heparin (LMWH) and no AT treatment and the underlying reason for being withheld treatment.
Risk of TE was evaluated for each participant by calculation of CHA 2 DS 2 VASc [20] . Bleeding risk was estimated using multiple scores; HAS-BLED [21] , ORBIT [22] and ATRIA [23] . Definitions and categorisations of the risk scores are available in the Supplementary Material.
Ethics
All included patients have given their informed consent to use of medical data for research purposes and for linkage to national mandatory registries. On these premises, the study was approved in 2016 by the Regional Ethics Review Board, Stockholm, Sweden (Dnr 2016/63-31/1, 2017/1520-32 and 2019-01850).
Statistical analysis
Continuous variables are reported as median (interquartile range) and categorical as percentages. Patient characteristics, comorbidities, AT treatment and risk of TE and bleeding are reported for the population in total and according to three age groups: 75-<80 y (septuagenarians), 80-<90 y (octogenarians) and 90 y (nonagenarians/centenarians) ( Supplementary Fig. I) .
Clinical practice and guidelines for stroke prevention in patients with AF/AFL have changed throughout the years of 2010-2017 [3] [4] [5] . With this in mind, we analysed how prescriptions of the three most commonly used AT regimens (ASA/warfarin/DOAC) changed over the years in relation to patients' clinical characteristics. Basic descriptives were used to report the distribution of patient characteristics within four time periods (2010/2011, 2012/2013, 2014/2015 and 2016/2017).
From the year 2014, both warfarin and DOAC were fully adopted in the management of elderly AF patients. From that time until the end of the study period (2014-2017), we analysed whether the probability to receive DOAC compared to warfarin could be predicted by age, gender, BMI, eGFR and thromboembolic/bleeding risk. To estimate the predictors of the probability to receive a specific OAC treatment at discharge, we performed logistic regression presented as odds ratio (OR) and a 95% confidence interval (CI). In the analysis, all patients discharged with a DOAC (n = 810) including those on combination therapy with DOAC and APT were compared to all patients discharged with warfarin (n = 1377) including those on treatment with both warfarin and APT. Here, we did not consider patients discharged with APT, LMWH or no treatment (n = 714) since they represent a selected group of patients where the choice of AT treatment was driven by other concomitant medical conditions (e.g. malignancy or palliative treatment).
In the analysis of age categories as possible predictors, the lowest age group (75-<80 y) served as reference group. Further, mildly decreased-normal eGFR (60 ml/min) served as reference group for eGFR categories. The low risk groups of CHA 2 DS 2 VASc and HAS-BLED served as references in the analyses of risk scores.
The regression models were performed with complete-case analysis due to few missing values (<2%) of the studied variables.
All analyses were performed with STATA version 14.2.
Results
The validation of our sampling with the Stockholm Healthcare Analyses Database, showed congruence in numbers of patients discharged with AF/AFL as main diagnosis during the years 2010-2017 after exclusion of the patients who were readmitted to our hospital during the study period. Table 1) .
Clinical characteristics and prescription of AT regimens in the study population
Prevalent CV comorbidities, thromboembolic and bleeding risk increased markedly with age. Moreover, a higher prevalence of underweight (BMI < 18.5) and severely decreased renal function (eGFR < 30 ml/min) were noted in the 90 y group. A history of bleeding was recorded in 14.6% of the total population and in 20.2% of the 90 y. The proportion of patients with a very high thromboembolic risk, constituted 38.8% of the 90 y olds. Risk of major bleed, assessed by the HAS-BLED score, was intermediate for half of the patients (46.2%). However, when bleeding risk was assessed by the ORBIT and ATRIA scores ( Supplementary  Table 1 ), the majority of the 90 y were classified as high bleeding risk.
Overall, during the years 2010-2017, warfarin was the most prescribed OAC (46,8%) followed by DOAC (27,5%) and ASA (15,7%) . In both the 75-<80 y and the 80-<90 y groups, warfarin outnumbered the DOACs while ASA prescriptions were more common than both warfarin and DOAC in the 90 y group. The number of patients not receiving any AT treatment also increased with age constituting 11,2% of the 90 y ( Supplementary Table 1 ). 
Prescription of antithrombotic regimens over time in relation to clinical characteristics
As reported in Fig. 1 , from 2014, DOACs were actively prescribed to elderly patients. However, first in 2016/2017 was DOAC the most commonly prescribed AT treatment in all age groups of the study population. At this time, apixaban contributed to nearly 90% of the DOAC prescriptions ( Supplementary Fig. 2 ). Among the age groups, the 90 y patients differed in primarily being prescribed ASA until 2014/2015 when instead warfarin started to dominate followed by DOAC in 2016/2017 ( Fig. 1, Panel D) .
The other investigated clinical characteristics (sex, BMI and eGFR) were distributed similarly among the patients in every treatment group across all time periods (Supplementary Table 2 ).
Influencing factors in decision-making of OAC treatment
As shown in Table 2 , and as expected, the probability of receiving DOAC was lower in patients with impaired renal function. We also observed that the probability of receiving DOAC instead of warfarin during 2014-2017 was lower in the presence of a high thromboembolic (OR 0.74; 95% CI 0.59-0.94; p = 0.01) and high bleeding risk (OR 0.55; 95% CI 0.40-0.77; p < 0.001).
Discussion
We report a cross-sectional analysis of a contemporary elderly inpatient AF/AFL population. Across this group of patients we have observed that the oldest patients (90 y), who are largely underrepresented in clinical trials yet constitute a growing patient group with high risk of vascular complications, have clinical characteris-tics that differ from the general elderly AF/AFL population. A shift in OAC treatment from warfarin to DOAC occured in 2016/2017 in this elderly group of AF/AFL patients, however, a high throm- boembolic and bleeding risk along with decreased renal function were factors still predisposing to warfarin use instead of DOAC. AF/AFL patients 90 y differentiate in terms of clinical characteristics compared to general elderly AF/AFL patients, potentially affecting the effectiveness and safety of OAC treatment. Thus, our study population differs from the DOAC trial populations as shown by a higher median age (82 vs. 70-73), a higher proportion of women (58,4% vs. 35,3-39,7%), a lower median BMI (24 vs. 28) and more impaired renal function (moderately decreased renal function or worse in 39% vs. 17-19%) . With regard to thromboembolic risk, study participants in the ARISTOTLE and RE-LY trials [8, 9] and particularly study participants enrolled in the ROCKET-AF and ENGAGE AF-TIMI 48 trials [7, 8] , were at increased risk of IS due to inclusion criteria and the prevalence of CV comorbidities were similar or even higher than in the present study. On the other side, participants with increased bleeding risk including severely decreased renal function (i.e. eGFR < 30 ml/min) were excluded from the DOAC trials, partly explaining why so few very elderly patients were included. This was also confirmed by the ETNA-AF-Europe registry [24] . When baseline characteristics of an unselected European AF population prescribed edoxaban treatment were compared to the trial population of ENGAGE AF-TIMI 48, a higher bleeding risk among the clinic-based registry patients was observed. Our data show that the population of elderly AF/AFL patients is highly heterogenous and therefore, data from the DOAC trials must be translated to clinical practice with caution, in particular that concerning elderly patients above 90 y of age. In this group, the burden of comorbidities and the associated bleeding risk clearly depart from what is observed in younger AF/AFL patients.
Indeed, bleeding and bleeding risk will be of even greater importance in coming years, considering the growing population of elderly and frail patients, a group with a high prevalence of AF/AFL and high risk of TE. Thus, while clinical trials have excluded very elderly, several observational studies have focused on investigating OAC treatment in elderly AF/AFL patients. As compared to existing studies, however, our investigation shed lights on the heterogeneity of elderly patients which is often not addressed by registry-based studies. In the present study, the highest proportion of patients not receiving any AT treatment was seen in the 90 y patient group (11,2%) which is defined by a particularly high proportion of patients with high (61,2%) and very high (38,8%) thromboembolic risk as well as high bleeding risk (38,8%). The FRAIL-AF Study concluded that in octogenarians, OAC therapy was more often prescribed when higher risk of TE, lower risk of bleeding and lower frailty score were present [25] . Although consisting of younger populations, the GARFIELD-AF and the ORBIT-AF I and II, two large international prospective registries of patients with AF, have shown that OAC is more consistently used in patients with a low risk of IS than in those with a high risk [26] . Taken together, these observations indicate a ''treatment paradox" and confirm the lack of solid evidence to reassure safe OAC use in the oldest patients with the highest risk of TE.
DOACs are recommended in preference to warfarin as IS prevention in Europe and in the US [3] and APT is no longer recommended [27] . In 2015, the National Board of Health and Welfare in Sweden recommended warfarin and DOAC with equal weight which, the same year, was followed by the Regional Drug and Therapeutic committee (DTC) in Stockholm county to equally recommend warfarin or a DOAC (apixaban) [28] . In our population, DOAC prescription started to increase in 2014/2015 and dominated warfarin prescription in 2016/2017 in all age groups. However, nearly 20% of the OAC initiations were on a DOAC in AF patients in the Region of Stockholm in both primary and secondary care, after the publication of the 2012 ESC guidelines [28] , while the corresponding proportion in our elderly population was 6%. In spite of European guidelines recommendations, warfarin was generally preferred over DOACs in patients with a high thromboembolic and high bleeding risk and, as expected, in patients with a decreased renal function, in our single-center cohort. This finding, i.e. a more conservative treatment approach in the most vulnerable patients, is consistent with previous studies [29] . In the abscence of RCTs including elderly, multimorbid patients, clinicians likely lean on observational studies having included elderly patients of highrisk met in clinical practice. However, by the time of our study period (2010-2017), few observational studies of this particular patient group had been conducted showing a convincing net clinical benefit of the DOACs compared to warfarin. Our present data, showing a somewhat slower implementation of DOACs in elderly patients, suggest that regional recommendations, mainly based on observational studies from clinical practice, might have been more influential than European guidelines, based on results from RCTs, for the adoption of DOACs in these elderly patients with multimorbidity.
Moreover, the high prevalence of prior bleedings among the study participants (20,2% in the 90 y patient group), may have concerned the clinicians and affected their choice of OAC regimen when favoring warfarin to the patients with high risk of thromboembolism and bleeding. This is likely explained by the lack of available antidotes for the Factor Xa inhibitors rivaroxaban and apixaban during the study period, while well-established routines existed for reversal of anticoagulation by warfarin.
Finally, the limited knowledge of the DOACs' pharmacological interactions might have prevented their use in elderly patients where the higher burden of comorbidities requires treatment with multiple drugs.
In a broader perspective, it strenghens the need for efficient implementation of both national and regional recommendations concerning elderly where the regional DTC might have used a more active approach in its implementation strategy, to reach prescribers. It also highlights the need for a more clear definition of indication for OAC treatment and different OAC regimens specified to different age categories of elderly patients.
This study has both strengths and limitations. We conducted an analysis of a contemporary elderly AF/AFL population often excluded from clinical trials making the results generalizable to elderly patients often met in the clinic. We collected clinical data by detailed chart review allowing a consistent and qualitative evaluation of patient data beyond what might be obtainable from registry data based solely on diagnosis codes. Consecutive enrollment of the study population and no explicit exclusion criteria were used to avoid selection bias. Overall, there were few missing data for all variables.
As for limitations, we cannot rule out that we may have underestimated the correct number of eligible study patients when relying on registered diagnosis ICD-10 codes for AF/AFL in our inclusion. The sensitivity and specificity of the ICD-10 codes of AF and AFL have, however, been proven to be high [25] . The medical record system implemented for healthcare in the Stockholm Region (TakeCare) and herein used for data extraction, has only regional coverage. Patient information from outside the Region of Stockholm were therefore not obtainable in this study based on medical chart review. However, very few elderly move at all after the age of 75 and even fewer outside of a larger city. Since this is a single-center study, our data may differ from other populations or regions. Differences in treatment traditions and/or geographical differences in socioeconomics and ethnicity may influence data and prescription patterns. Future studies, especially in elderly, performed in other regions and populations are therefore awaited.
Our analysis is cross-sectional, hence, does not include outcome data. The main focus of this study was to provide a ''snapshot" of the clinical complexity of the population of elderly AF/AFL patients and thereby highlighting its heterogeneity in clinical characteris-tics. For this purpose, we believe a descriptive study design was the most appropriate choice for guidance of understanding the entity of the presented problem. On the other side, cross-sectional studies do not allow analyses of temporality and causality. A prospective study is warranted to analyse if the chosen OAC treatment in this group of patients affects the incidence rate of adverse events.
In conclusion, elderly hospitalized AF/AFL patients constitute a highly heterogenous patient group. CV comorbidities and bleeding risk increase with age making the oldest patients particularly vulnerable to anticoagulation. After the introduction of the DOACs, clinicians at our center did not adopt DOAC prescription as rapidly in the elderly as seen in more general AF/AFL populations. These findings suggest that the underrepresentation of elderly with multimorbidity in the DOAC trials, had major influence on the implementation of DOAC use in elderly. Our data underscore the need for studies, in particular randomized controlled trials, including elderly patients. 
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